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Process for preparing I, 4-disubstituted piperidine compounds 

*Rhe present 'invention concerns a new process for producing 1,4-disubstituted piperidine 
compounds, in particular 4-(5-6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-ll- 
ylidSoe)-l -piperidine compounds. The compound 4-(8-chloro-5,6-dihydro-l l//-benzo-[5,6]- 
cyclolWjta-tl^-blpyridine-ll-ylideneJ-l-piperidine carboxylic acid ethyl ester (loratidine) has 
acquiredhoarticular significance as an H, antihistamine. Different processes for producing these 
compounds\are described in the literature. However, the known processes have diverse 
disadvantages^ 

US 4,731,447 describes a multiple-stage process, which, among other things, includes a Grignard 
reaction, in whichk is necessary to work with an intermediary protective group on the piperidine 
nitrogen. The total wld is reduced because of the number of process steps which are, in part, 
difficult to perform. The use of n-butyl lithium described there requires extreme caution, as well 
as cyclization in super-abid conditions at very low temperatures. The process requires expensive 
reagents and also creates environmental problems. The other known processes also have similar 
disadvantages. \ 

The process in accordance withNthe present invention on the whole has only a few process steps 
and requires no intermediate protective group on the piperidine nitrogen, a comparatively high 
yield being achieved. The process\in accordance with the invention has no critical process steps 
for production. Also no reagents or\olvents to be characterized as toxic, but at most slightly 
toxic or irritating, are used, so that afkreactions could be carried out at ordinary reaction 
temperatures and in ordinary facilitiesAAll products obtained in the process occur in crystalline 
form. No environmentally hazardous substances are used, created, or formed as intermediate 
products. The metals used, titanium and 2inc, precipitate out of the reaction as non-toxic and 
easily reusable or disposable titanium oxides and zinc(H)tetramine complexes. 

The present invention is defined in the Patent Claims. In particular, the present invention 
concerns a process for creating 1,4-disubstituteX piperidine compounds of formula (1) 



(I) 



in which \ 

R independently of one another mean hydrogen, fluorine\chlorine, bromine, straight-chain 
or branched (C, - C 5 ) - alky], which in a given case is substituted with fluorine, chlorine, 



tor bromine, with a (C, - C 5 ) - alkyl-ether group and/or with phenyl; straight-chain or 
branched (C 2 - C 5 ) - alkenyl, which in a given case is substituted with fluorine, chlorine, 
orVomine, with a (C l - C 5 ) - alkyl ether group and/or phenyl; phenyl, which in a given 
case\is substituted with fluorine, chlorine, bromine, (C, - C 5 ) - alkyl, -COOH, (C, - C 5 ) - 
alkyi\ster, -NH 2 , a mono- (C l - C 5 ) - alkyl substituted amine and/or a di-(C, - C 5 ) - alkyl 
substituted amine; a hetero-aromatic, which is bonded directly or via straight-chain or 
branched (C l - C 5 ) - alkylene to the pyridine and/or the phenyl ring, and contains a 
nitrogen atom and/or a sulfur atom and/or 1, 2, or 3 nitrogen atoms and contains a 
nitrogen atom and/or a sulfur atom and/or 1, 2, or 3 nitrogen atoms and a 5- or 6-member 
ring system which in a given case is substituted with fluorine, chlorine, bromine, (Ci - 
C 5 ) - alkyl, -C&OH, (C, - C 5 ) - alkyl ester, -NH 2 , a mono- (C, - C 5 ) - alkyl substituted 
amine and/or a &i-(C, - C 5 ) - alkyl substituted amine, or two R substituents bonded to the 
same ring form arWomatic or hetero-aromatic ring, which in a given case is substituted 
with fluorine, chloW bromine, (C l - C 5 ) - alkyl, -COOH, (C, - C 5 ) - alkyl ester, -NH 2 , 
a mono- (C, - C 5 ) - aikyl substituted amine and/or a di-(C l - C 5 ) - alkyl substituted amine; 
means -(CH 2 ) n -, in wmch n = 0, 1, 2, or 3; oxygen, sulfur; vinyl; CH 2 -0; -0-CH 2 ; -CH 2 -, 
or-S-CH 2 ; \ 

independently of one another mean hydrogen, -C(0)R l ; -C(0)OR'; -0)S(0)R 2 ; or one of 
the meanings of R 1 ; \ 

independently of one another mean straight-chain or branched (C, - C 5 ) - alkyl, which in 
a given case is substituted with fluorine, chlorine, or bromine, with a (C, - C 5 ) - alkyl 
ether group, and/or with phenyl; straight-chain or branched (C 2 - C 5 ) - alkenyl, which in 
a given case is substituted withmiorine, chlorine, orbromine, with a (C, - C 5 ) - alkyl 
ether group, and/or phenyl; ; pheWl, which in a given case is substituted with fluorine, 
chlorine, bromine, (C, - C 5 ) - alk&, -COOH, (C, - C 5 ) - alkyl ester, -NH 2 , a mono- (C, - 
C 5 ) - alkyl substituted amine and/or\a di-(C [ - C 5 ) - alkyl substituted amine; a hetero- 
aromatic, which is bonded directly oV via straight-chain or branched (C, - C 5 ) - alkylene 
to the pyridine and/or the phenyl ring\and contains a nitrogen atom and/or a sulfur atom 
and/or 1, 2, or 3 nitrogen atoms and contains a nitrogen atom and/or a sulfur atom and/or 
1, 2, or 3 nitrogen atoms and a 5- or 6-member ring system which in a given case is 
substituted with fluorine, chlorine, bromVe, (C, - C 5 ) - alkyl, -COOH, (C, - C 5 ) - alkyl 
ester, -NH 2 , a mono- (C, - C 5 ) - alkyl subsVited amine and/or a di-(C, - C 5 ) - alkyl 
substituted amine, or straight-chain or branWd (C, - C 5 ) - alkyl, which is substituted by 
such a hetero-aromatic. \ 

means one of the meanings of R 1 , or a bridgecl saturated isocyclic system, which 
preferably is derived from camphor sulfonic aoid; 
is characterized by the fact that a compound of Rsrmula (II) 



(II) 



in^vhich the substituents R and Y have the meanings cited above, which a compound of formula 

(in\ 



(III) 



in which Z has rae meaning specified above, is brought to react in a single process step by means 
of reductive dimetization (i) in the presence of a finely dispersed metal compound of the IVth 
and/or Vth and/or \Uth subgroup of the periodic table of elements or a low-valent oxidation stage 
of such a corresponding metal compound, (ii) the finely dispersed metal or the low-valent 
oxidation stage being Voduced in situ by means of a reducing agent and (iii) in the presence of 
an inert solvent, the reducing agent being chosen from the group of alkali metals, the metals of 
the Ilnd main group or Ilnd sub-group of the periodic table, alloys of these metals, alloys of these 
metals with zinc, zinc-copper aloys, inclusion compounds of such metals with carbon, preferably 
potassium-graphite inclusiorVcompounds, metal hydrides, salts of naphthalidone ions or of higher 
polycyclic aromatics and the solvent being chosen from the group of inert ethers, preferably 1,4- 
dioxane, l,2-dimethoxyethane,\etrahydrofurane, diethylene glycol dimethyl ether, tert.-butyl- 
methyl ether, or the group of nitrogen-containing unsaturate hetero-aromatics, preferably 
pyrindine or tertiary amines, preferably triethyl amine. 

The smooth conversion of amide, sulfonamide, and urethane substituted piperidine derivatives 
even in the case of long reaction times\s surprising for the reaction in accordance with the 
invention, in particular since it is knownXthat these functional groups are decomposed slowly 
under the chosen reaction conditions (cf. Win E. McMurry, Carbonyl-Coupling, Reactions Using 
Low-Valent Titanium, Chem. rev. £2, p. l\l3-l 524 (1989), in particular pages 1515 ff). 
However, for the reactions described in thisYatent no decomposition can be observed even in the 
case of very long reaction times (>96 hours)\ln general, only a few successful coupling 
reactions of carbonyl compounds, which are substituted with the functional groups designated 
above, with low-valent titanium compounds, ar\ known in the literature. Equally surprising are 
the high yields in the case of using titanium tetrachloride (TiCl 4 ). In the literature preference is 
given to the very unstable, oxidation-sensitive titanium trichloride (TiCl 3 ), which is little suited 
for industrial production. Yields which are comparably as good as those described in this patent 
are found in the literature in particular with the use oT titanium trichloride. 

Titanium, zirconium, vanadium, molybdenum, tungsten, and uranium are particularly well 
suited as metals, respectively metal compounds of the IVth, Vth, and Vlth sub-groups of the 
periodic table, preferably halogen compounds thereof, preferably the chloride being used. The 
use of titanium tetrachloride is preferred, a low-valent stage of this compound, respectively of 
these named compounds, being created in situ by means o Ha reducing agent. 

Preferably zinc or alkali metals, preferably zinc, lithium, sodiuV or potassium; metals of main 
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group II or sub-group II of the periodic table, in particular magnesium or calcium; alloys 
Containing zinc, lithium, sodium, potassium, magnesium, and/or calcium; zinc-copper alloys; 
inclusion compounds of zinc, lithium, sodium, potassium, magnesium, and/or calcium with 
carbon, in particular alkali metal hydrides or lithium aluminum hydride; salts of naphthalide 
anions, preferably lithium naphthalide or sodium naphthalide, are used as reducing agents. 

Preferably inert ethers, preferably 1,4-dioxane, 1,2-dimethoxyethane, diethylene glycol dimethyl 
ether (digWme), tert.-butyl methyl ether, as well as nitrogen-containing unsaturated hetero- 
aromatics/Weferably pyridine or tertiary amides, preferably triethyl amine, are used as solvents. 

The ratio of the compound of formula III) (in mol- equivalents) to the coupling metal compound 
(in equivalents/Widation state +III or +IV) preferably amounts to 3 : I to 1 : 100, preferably 1 : 
3, in performing the reaction. 

The ratio of the reducing agent (in reduction equivalents) to the coupling metal compound (in 
equivalents, oxidation Stage +III or +1 V) preferably amounts to 1: 2 to 100 : 1, preferably 2 : 1 , in 
performing the reaction.X 

The reaction temperature amounts to 0° C to 200°C, preferably 10°C to 100 °C, and in 
particular around 20° C to 70XC. 

In the cited formulas of compounds (I) to (II), R means, preferably and independently of one 
another, hydrogen, fluorine, chlorVte, bromine, methyl, or trifluoromethyl, particularly preferably 
R means, independently of one another, hydrogen, fluorine, or chlorine. The compound of 
formula (I) preferably has two substftuents, which are different from hydrogen, one substituent R 
being on the pyridine ring and one substituent R being on the benzene ring, and the latter 
substituent preferably being fixed in 8 -Position. Preferably the compound of formula (I) has 
only one substituent R, which is found rWerably in 8-position, and preferably means fluorine or 
chlorine. \ 

The preferred meaning of Y is -CH 2 -CH 2 ; \ 

Preferably R 1 means (C, - C 5 ) - alkyl and, in particular, ethyl. 

Preferably R 2 means (C, - C 5 ) - alkyl, benzyl, vinyl, or dimethyl amino (-N(CH 3 ) 2 ), in particular 
methyl. \ 

Preferably Z means -C(0)R 1 ; -C(0)OR\ preferable -C(0)OR'. For the most part preferably Z 
means a radical of the formula -C(0))-C 2 H 5 . \ 

(C, - CO - alkyl means methyl, ethyl, propyl, isopropyY n-butyl, isobutyl, tert.-butyl, n-pentyl, or 
branched pentyl, preferably methyl, ethyl, or propyl, preferably methyl or ethyl. (C 2 - C 5 ) - 
alkenyl preferably means (C 2 - C 3 ) - alkenyl and preferably (C 3 ) - alkenyl. 

S-chlorine-substituted compounds and, in particular, the compound 4-(S-chloro-5,6-dihydro- 



1 ltf-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-l l-ylidene)-l-piperidine carboxylic acid ethyl ester, 
ire preferred compounds of formula (1).. 

The production of the compound can take place in four stages in formula (I), in which Y is -CH 2 
-CtL. In a first stage a cyanide-substituted compound of formula (IV) 



(IV) 



in which the substituents R have the meaning specified above, is brought to react with a 
benzaldehyde compound of formula (V) 



(V) 



in which R has the meaning cited above, by means of a base-induced aldol condensation, 
preferably in the presence of potassium tert.-butylene, with simultaneous saponification of the 
nitrile group to the amide, to the compound of formula (VI): 



(VI) 

In the second stage the double bond of the\compound of formula (VI) is hydrated on a palladium 
catalyst, without the other substituents, which are found on the benzoring, being hydrated or split 
off. In this way the amide of the compound\)f formula (VII) is obtained: 



(VII) 



♦ 




\n the third stage the amide of formula (VII) is hydrolyzed in a basic medium, the carboxylic acid 
of the compound of formula (VIII) being obtained. 



(VIII) 



In the fourth stage the compound of formula (VIII) is converted into the corresponding acid 
chloride by means ofthionyl chloride (S0C1 2 ), and cyclized to the tricycle of formula (IX) by 
means of a Friedel-KraRs reaction in the presence of aluminum chloride. 



(IX) 



In the compound of formula (IV) R = Hydrogen and 3-chloro-benzaldehyde is used as a 
compound of formula (V), thus 8-chloro\5,6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l,2- 
b]pyridine-l 1-one is obtained. If this compound is made to react with l-(ethoxycarbonyl)-4- 
piperidone, that is a compound of formula Mil), in which Z means ethoxycarbonyl, 4-(8-chloro- 
5,6-dihydro-l l/7-benzo-[5,6]-cyclohepta-[lVb]pyridine-l l-ylidene)-l-piperidine carboxylic 
acid ethyl ester (loratadine) is obtained. TheWoduction of this compound is a preferred 
embodiment of the present invention. \ 

Compounds of formula (II), in which Y is oxygen, sulfur, vinyl, CH 2 -0; -0-CH 2 ; -CH 2 -, or -S- 
CH 2 , can be produced in a way known per se. TheVollowing examples explain the invention. 

ExampleJ: \ 

4-fS, 6-dihydro-l 1 rt-ben7.o- [5.6 ]-cyclohepta-[l .2-b]p vW l i ne- 1 1 -vlideneVl -piperidine carboxyl i c 
acid ethyl ester \ 

10.1 1 g (155 mmol) of powdered zinc and 13.04 g (69 ntmol) of titanium tetrachloride are heated 
to boiling in 65 g of absolute tetrahydrofurane (THF) under a protective gas atmosphere. As 
soon as the solution is colored black, it is cooled to room temperature. 5.25 g (25 mmol) of 5,6- 
dihydro-1 l/-/-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-l l-ondand 4.25g (25 mmol) of 1- 
(ethoxycarbonyl)-4-piperidonc are to be added. The preparation is stirred over night at room 
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temperature and then 5 hours at 40°C. The preparation is concentrated in 60 g of ethyl acetate, 
dissolved in 60 g of ethyl acetate, and diluted with 100 g of a saturated aqueous solution of 
ethylene diamino-tetra acetic acid-tetra sodium salt-dihydrate. After the heat development dies 
dovvn, the organic phase is separated, and the aqueous phase is revvashed two times with 20 g of 
ethyKacetate. The aqueous phase then is treated with 30% hydrogen peroxide solution, until the 
gray-c\>lored low-valent titanium compounds have reacted completely to the white titanium (IV) 
dioxide\and discarded. The combined organic phases are dried over sodium sulfate, filtered, and 
concentrated to dry. In this case the product is separated as a semicrystalline syrup. The latter is 
dissolved ia40g of ethyl acetate / diisopropyl ether and heated to the reflux. After the addition 
of activated charcoal and hot filtration, the product precipitates out in the form of colorless 
crystals (in a giVen case after seeding). Yield: 5,9% (68%); HPLC-purity 94%, melting point 
108°C-109°C. \ 

Example 2 \ 

4-(8-chloro-5.6-dihvdfo-1 1 ^-hen/n-[5 r 6]-cyclnhepta-[l T 2-h]pyridine-1 1 -vlideneV! -piperidi ne 
carboxylic acid ethyl ester 

In accordance withExamble 1, 40.0 g (160 mmol) of 8-chloro-5,6-dihydro-l l//-benzo-[5,6]- 
cyclohepta-[l,2-b]pyridine\l 1-one and 27.4 g (160 mmol) l-(ethoxy)-4-piperidone are brought to 
react with a coupling reagerk consisting of 53.6 g (820 mmol) zinc and 75.9g (400 mmol) of 
titanium tetrachloride. After cooling and crystallization out of ethyl acetate / diisopropyl ether 
(in a given case after seeding), V(8-chloro-5,6-dihydro-l l//-benzo-[5,6]-cyclohepta-[l ,2- 
b]pyridine-l 1-ylidene-l-piperidihe carboxylic acid ethyl ester is obtained in a yield of 47.2 g 
(75%); HPLC purity 97%; as colortess crystals, melting point 136°C - 138°C. 

Example 3 \ 

4-rR-fl\ioro- S ] 6-dihydro-1 l^-hen?o- [Vi] -cycloh epta- [l,2-b]pyridine-l 1-ylirieneVI -piperid ine 
cnrhoxylic acid ethyl ester \ 

In accordance with Example 1, 27.35 g (\l9 mmol) of 8-fluoro-5,6-dihydro-l l//-benzo-[5,6]- 
cyclohepta-[l,2-b]pyridine-l 1-one and 20^ g (1 17 mmol) l-(ethoxy)-4-piperidone are brought to 
react with a coupling reagent consisting oP37.0 g (566 mmol) zinc and 50. 9g (268 mmol) of 
titanium tetrachloride. After cooling and crystallization out of ethyl acetate / diisopropyl ether 
(in a given case after seeding), 4-(8-fluoro-5,o\dihydro-l l//-benzo-[5,6]-cyclohepta-[l,2- 
b]pyridine-l 1-ylidene-l -piperidine carboxylic acid ethyl ester is obtained in a yield of 38.0 g 
(67%); HPLC purity 96%; as colorless crystals, fuelling point 1 19°C - 121 °C. 

Example 4 \ 

4-(S-rhlnrn- < i rvdihydro-1 1 /Y-hen?o-[5.6]-r.yr1nhept\-[l .2-b]pyri dine-l 1 -ylidene VI -a cetyl 
pirxexidiiie \ 

31.7g of zinc-copper alloy and 24. lg (156 mmol) of titanium chloride are heated to boiling in 
175 g of absolute tetrahydrofurane (THF) under protective gas atmosphere. As soon as the 
solution is colored black, it is cooled to room temperature\ 1 5.3 1 g (63 mmol) S-chloro-5,6- 
dihydro-1 l//-benzo-[5,6]-cyclohepta-[l,2-b]pyridine-l 1-one and 8.90 g (63 mmol) of 1-acetyl-l- 
piperidone are to be added. It is stirred for 3 hours at room temperature and then for 6 hours at 
50°C. The preparation is concentrated, dissolved in 120 g oKethyl acetate, and diluted with 250 
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g of a saturaf^aqueous solution of ethylene diamino-tetra acetic acid-tetra sodium salt- 
dihydrate. Aflerti^e heat development dies down, the organic phase is separated and the aqueous 
phase is re washed two times with 30 g of ethyl acetate. The aqueous phase then is treated with 
30% hydrogen peroxiaVsolution, until the gray-colored low-valent titanium compounds have 
reacted completely to thewhite titanium (IV) dioxide, and discarded. The combined organic 
phases are dried over sodium^sulfate, filtered, and concentrated to dry. After cooling and 
crystallization out of ethyl acetateV diisopropyl ether (in a given case after seeding), 4-(8-chloro- 
S^-dihydro-n/Z-benzo-tS^l-cycloh^ta-fl^-blpyridine-l l-ylidene-l)-l-acetyl-piperidine is 
obtained in a yield of 16.00 g (72%); H^LC purity 96%; as colorless crystals, melting point 
161 °C - 162°C. Remark : all melting points in examples 1 to 4 are uncorrected. 
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